We have designed, built and implemented a compact polarimeter for spin-polarized proton and deuteron beams based on the Lamb shift principle. We briefly describe some design considerations and present first results obtained with this polarimeter.
At KVI, we have operated for the past few years a polarized ion source of the atomic beam type called POLIS. This ion source is used as an injector for the superconducting K = 600 AGOR cyclotron and produces highly polarized proton or deuteron beams up to an energy of 35 keV [1] . Until recently the only method to determine the polarization degree was by means of in-beam polarimetry behind the cyclotron, i.e. on the accelerated beam. The KVI InBeam Polarimeter (IBP) is based on elastic p + p or d + p reactions and its construction and performance are described in Ref. [2] . Although the IBP works reliably and is routinely used it does have a few disadvantages: i) setting up and operating the IBP is time consuming, especially when performing absolute polarization measurements; ii) expensive cyclotron time has to be used for optimizing and tuning POLIS and iii) the analyzing power of the d+p reaction is not known at all energies available from AGOR. Therefore, we decided to build a low-energy polarimeter to be installed directly behind POLIS. The new polarimeter should be able to determine the polarization degree of proton and deuteron beams within one minute and with an accuracy better than 1%. The TUNL group has shown that these demands can be met with a so-called Lamb Shift Polarimeter (LSP) [3, 4] . In this letter we discuss the construction of a LSP based on their design and present some first results. For LSP theory the reader is referred to the relevant literature [5, 6] .
The LSP, of which a schematic diagram is shown in Fig. (1) , basically consists of five parts: i) a decelerating lens system, ii) cesium oven, iii) rf cavity, iv) metastable atom detection system and v) a long solenoid [4] . Polarized ions entering the LSP from the left are neutralized by charge-exchange collisions with cesium atoms in an oven. The main difference with existing devices is that in our polarimeter the incoming ions are fast and consequently have a very small neutralization probability. Therefore, in order to get a good neutralization efficiency the ions are decelerated by a two-element electrostatic lens system to ≈ 1 keV before entering the cesium oven [7] . We estimate that more than 20% of the incoming ions leave the Cs oven in the metastable 2 2 S 1/2 state. Cesium oven, rf cavity and detection system are all mounted inside a large 50 cm long solenoid with a diameter of 23 cm. The solenoid produces a very homogeneous, axially symmetric magnetic field which can be swept in a few seconds over the α − β − e resonances (i.e. from 52 mT to 62 mT) while maintaining homogeneity, see Ref. [6] . For the correct operation of the polarimeter it is mandatory that the magnetic field is strong enough to prevent the hyperfine interaction from depolarizing the nuclear spin. This condition is easily met in the magnetic field range mentioned above.
After neutralization, the atoms pass through a specially designed cylindrical rf resonator oscillating in the TM 010 mode at 1609 MHz. The rf electric field component oscillating in the longitudinal direction induces transitions between the 2 S 1/2 α component (electron spin up) and the short-lived 2 P 1/2 e component (also electron spin up) for magnetic fields in the 52 and 62 mT range. At the same time a transverse static electrical field inside the resonator couples the 2 S 1/2 β component (electron spin down) with the 2 P 1/2 e state. The net effect of the oscillating and static electric fields is that both the α and β metastable components are effectively quenched inside the resonator. However, when the magnetic field of the solenoid is exactly at the β − e crossing point the metastable atoms survive the resonator and will be detected in the metastable detector. This three-state α − β − e resonance occurs at different magnetic field values for hydrogen atoms with nuclear spin up or down, i.e. at 53.5 mT for proton spin up and at 60.5 mT for proton spin down. Deuterium atoms show three resonance peaks corresponding to the three orientations of the deuteron spin, i.e. at 56.5 mT for m I = 1, 57.5 mT for m I = 0 and at 58.5 mT for m I = −1. Metastable atoms surviving the spin filter are detected by quenching them in a strong electric field and measuring the resulting Lyman-α photons with a photomultiplier.
By scanning the magnetic field over the resonance peaks we immediately obtain the nuclear vector polarization for hydrogen and the nuclear vector and tensor polarizations for deuterium. Typical examples of such spectra are shown in Fig. (2) for polarized proton and deuteron beams, respectively. These polarization measurements take ≈ 60 s and have a statistical error of less than 1%. Surprisingly, the measured polarization degrees with the LSP are consistently 10 to 15% higher than the IBP values. Up to now we could not find any sources of systematic error which indicates that some depolarization is taking place during transport and acceleration of the beam. However, this conclusion is preliminary and the LSP-IBP discrepancy is still under study.
Since its completion, the LSP is used routinely for tuning and optimizing the polarized ion source POLIS. It has met all its design specifications and shown its usefulness in measuring the polarization of proton and deuteron beams. 
